1. Understanding what species characteristics allow some alien plants to become invasive while 9 others fail to is critical to our understanding of community assembly processes. While many 10 characteristics have been shown to predict plant invasiveness, the importance of plant-soil 11 feedbacks (PSFs) in invasions has been difficult to assess since individual studies include only 12 a few species and use disparate methodology. 13 2. We studied PSFs of 68 invasive and non-invasive alien species in a single two-phase garden 14 experiment, and compared the relative importance of PSF, residence time, phylogenetic novelty 15 and plant traits for plant invasiveness. Additionally, we tested for relationships between PSF, 16 residence time and phylogenetic novelty. 17
Introduction months prior sowing (information provided by L. Moravcová) and all seeds were surface 150 sterilized with 10% H2O2 to reduce the chance of contamination via seed surface fungi prior 151 sowing.
153
Experimental design 154 Following commonly used methodology (Bever et al., 1997 , Kulmatiski et al., 2008 , the plants 155 were grown in a two-phase experiment. In the first (conditioning) phase, conditioned soil was 156 prepared. In the second (feedback) phase, intraspecific PSF was studied. The experiment was 157 carried out in the experimental garden of Institute of Botany, Czech Academy of Sciences 158 (49°59′38.972′′N, 14°33′57.637′′E), 320 m above sea level, temperate climate zone, where the 159 mean annual temperature is 8.6°C and the annual precipitation is 610 mm. In addition to 160 obtaining natural rainfall, the plants were daily watered with tap water. Due to high number of 161 studied species, the experiment was divided into three subsequent years, 2015-2017. Each year, 162 we grew approximately the same proportion of invasive and non-invasive species.
164
Conditioning phase 165 The aim of the conditioning phase was to prepare the soil, conditioned by the species, for the 166 upcoming feedback phase. To set up the conditioning phase, we used a local common garden 167 compost mixed with sand in 1:1 ratio (see Table S3 for the chemical characteristics of the soil). 168 The garden is situated in the region where the studied species occur and the local soil thus 169 contains the soil biota commonly encountered by the species. We prepared a homogenous heap 170 of substrate at the beginning of the first year of the project and stored it in a dry place. To 171 minimize possible soil heterogeneity due to different processes in the different parts of the 172 stored soil, the soil was thoroughly mixed every time before use.
For each species and each population, we used 20 pots (10 × 10 × 10 cm) in the conditioning 174 phase, half of which was sown with seeds of the species and the other half of the pots served as 175 controls. Each pot with conditioned soil was randomly assigned its control pot. The pairs of pots 176 were always kept in close proximity to each other throughout the experiment so that they were 177 exposed to the same conditions.
178
Each of the ten pots per species and population was sown with ten seeds of the species. After the 179 seeds germinated and seedlings established, we counted the seedlings and removed all but the Ten seeds of a species were sown into each previously conditioned pot as well as to the control 189 pots. For each species and each population, we thus had 10 pots with conditioned and 10 pots 190 with control soil with sown seeds. We did not mix the soil from all the pots conditioned by the 191 same species and population between the conditioning and feedback phase to avoid 192 pseudoreplication (Brinkman et al., 2010) .
193
After the seeds germinated and seedlings established, we counted the seedlings and removed all 194 but the largest one from the pot. Seedlings emerging afterwards were counted and removed.
195
Twelve weeks after seed germination, the plants were harvested, divided into aboveground and 196 belowground biomass, dried to a constant weight and weighted. All plants of the same species and 197 population were harvested from all the pots simultaneously.
199
Other species characteristics affecting plant invasiveness 200 We compiled data on multiple species characteristics that are often related to plant invasiveness 201 for our species from previously published papers and databases. These included minimum Table S2 . 227 An index value of less than zero indicates a negative feedback, meaning the plant performs 228 worse in the conditioned soil than in the control soil, while a value greater than zero indicates 229 a positive feedback, meaning the plant performs better in the conditioned soil than in the control 230 soil.
231
The data from the feedback phase were further analyzed for all the species combined using Significant positive PSF for biomass was shown in three invasive and five non-invasive species, 266 significant negative PFS for three invasive and twelve non-invasive species (Table S2) . 267 Overall, seedling establishment was significantly related to the soil treatment with plants 268 performing better in the cultivated soil compared to the control soil (F = 11.9, P = 0.001). There 269 was a significant interaction of soil treatment and invasive status (F = 3.53, P = 0.05), with 270 seedlings of invasive species profiting more from growing in conditioned soil, i.e. having more 271 positive PSF, than seedlings of non-invasive species (Fig. 1) . Biomass was significantly Fig. 2a , F = 3.14, P = 0.076 for biomass, Fig. 2b ), PSF of non-invasive 282 species was negatively correlated to MRT (F = 4.76, P = 0.029 for seedling establishment, Fig.   283 2a, F = 7.28, P = 0.007 for biomass, Fig. 2b ).
284
Seedling establishment, but not biomass, was significantly affected by the interaction of the soil 285 treatment and phylogenetic novelty of the species (F = 8.29, P = 0.004), while the interaction 286 of phylogenetic novelty with invasive status and the triple interaction between the soil 287 treatment, phylogenetic novelty and invasive status were not significant. Phylogenetically novel 288 species, i.e. species that do not have a congener native to the country, had significantly better 289 seedling establishment in the conditioned soil compared to the control soil, while species that 290 do have a native congener performed comparably in the conditioned and the control soil 291 (Fig. 3) .
292
The best predictors of invasive status were SLA, releasing height, MRT, seedling growth rate 293 and PSF index for seedling establishment (Fig. 4) . Similar results were obtained when 294 predicting species frequency and maximum cover in the field (Table S5) . In the present study, we demonstrated on a large set of species that invasive species have more 298 positive PSF for seedling establishment, but not for biomass, than alien non-invasive species, 299 and we showed that PSF for seedling establishment belonged to the best predictors of plant 300 invasiveness compared to a wide range of other species characteristics. We also showed that Importantly, alien species are more likely to be classified as invasive if they have more positive 317 PSF in their seedling establishment. PSF responses are not currently considered in programs 318 that evaluate alien plants for invasiveness, and seedling establishment is not a commonly 319 measured response variable in PSF research. Our results show that PSF especially for seedling 320 establishment should receive more attention in future basic and applied studies since PSF was 321 a better predictor of invasiveness than many other species characteristics commonly considered, 322 such as size or shape of propagules, genome size or ploidy level. 323 We showed that invasive species have more positive PSFs for seedling establishment than non- Indeed, we found the expected pattern that alien species with a native congener in the Czech
391
Republic have more negative PSFs than phylogenetically novel species. Our results together 392 with other literature show that the presence of closely related native plant species has negative 393 effects on alien species via the activity of herbivores, phytophagous insects, above-ground or 394 below-ground pathogens (e.g., Connor et al., 1980, Flory and Clay, 2013, Hill and Kotanen, 395 2009, Parker et al., 2015) . 396 The majority of species in our study showed neutral PSF, which contradicts the general 397 worldwide pattern that most species show negative intraspecific PSF (e.g., Kulmatiski et al., 398 2008, Petermann et al., 2008) . This is likely to be caused by our study focusing only on aliens, 399 which may be at least partly released from negative effects of their host-specific enemies (see 
